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METHODS AND COMPOSITIONS FOR 
ATTENUATING ANTIBODY-MEDIATED XENOGRAFT 
REJECTION IN HUMAN RECIPIENTS 



DESCRIPTION 

S Technical Field 

The present invention is in the general field of transplantation 
immunology and rdates specifically to xenotransplantation and to conqmsitions 
and methods for facilitating xenotransplantation in humans through inhibition 
and/or removal of preformed human antibodies to carbohydrate xenoantigens. 

10 References 
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are indicative of the level of skill of those skilled in the art to which this 
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invention pertains. All publications and patent applications are herein 
incorporated by reference in their entirety to the same extent as if each 
individual publication or patent application was specifically and individually 
indicated to be incorporated by reference in its entirety. 

5 Background 

Over 15,000 organ transplants were performed in the U.S^A. in 1990. 
(Annual Report of the U.S. Scientific Registry for Organ Transplantation and 
the Organ Procurement and Transplantation Network. 1990.) The appropriate 
organs were taken from 6,000 donors, of whom fewer than 4,500 were 

10 cadaveric donors. The number of patients on the waiting list of the United 

Network of Organ Sharing in the U.S.A. at any one time approximates 23,000. 
Therefore, many potential recipients will be waiting for periods considerably in 
excess of one year for suitable organ transplants. 

As the success of organ transplantation increases steadily, more and 

15 more patients are being referred for these procedures, and the shortage of 
suitable organs is becoming ever more acute. At the present time, kidney 
transplantation is associated with a 1-year graft survival of well over 90%, 
heart transplantation with a graft survival of over 80%, and liver and pancreas 
transplantation with graft survival rates approaching 80%. 

20 Despite major efforts at educating the public and the medical profession 

with regard to the need for suitable donors, the gap between the demand and 
the availability of suitable organs is likely to increase. An answer to this 
problem would be the use of animal organs. Non-human primates have been 
considered for use as donors in this context. 

25 However, tiiese animals are in short supply worldwide, and, particulariy 

with regard to the larger apes, are frequentiy endangered species. They are, 
therefore, not numerous enough to be considered in this role, and, furthermore, 
the numbers could not easily be increased even by widespread captive breeding 
programs. Other disadvantages include relatively small size, making them 

30 unsuitable as donors of organs for adult humans, and the risk of viral infection. 
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There would also be vociferous public opposition to the use of these animals on 
a significant scale. 

More distant mammalian species, such as the pig, would be very 
suitable in many regards. They grow to an appropriate size, breed easily, can 
5 be reared in specific pathogen free herds or even gnotobiotic (germ-free) 

conditions, and are already bred in large numbers specifically for the puq)ose 
of human consumption. Organ transplantation between widely disparate 
species, such as pig and man, however, is followed by antibody-mediated 
hyperacute rejection within minutes or hours, and this rejection cannot be 

10 inhibited or treated by the currently available immunosuppressive regimens. If 
the problem of antibody-mediated rejection could be overcome, then organ 
transplantation may no longer be restricted by the number of human donors that 
become available each year. 

The benefits to society would be considerable. At present, one-third of 

15 those awaiting heart transplantation die before a suitable organ becomes 
available. If animal organs were used, patients would be able to undergo 
transplantation as soon as it was deemed necessary, and the operations could be 
performed electively under ideal conditions without the need for emergency 
procedures. In addition, many patients are today not accepted onto transplant 

20 waiting lists if they have borderline contraindications, as it is felt that the 
relatively few donor organs that become available must be used in ideal 
patients. If there were no limitation on the number of donor organs, then organ 
transplantation would certainly be offered to very many more candidates. 
Thus, compositions and methods which would facilitate xenotransplantation 

25 would be extremely useful. 

There has been some success in facilitating non-xenotransplants between 
ABO-mismatched individuals. In human transplantation the extracorporeal 
removal of naturally occurring anti-A and/or anti-B antibodies using a method 
similar to those described in several patents (U.S. Patents 4,137,401" and 

30 4,238,473"; U.K. Patent 1544908*^ U.S. Patent Application Serial No. 
07/270,950"; European Patent AppUcation No. 89311540.2*^ has enabled 
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successful transplantation of kidneys and bone marrow between 
ABO-mismatched individuals (Bannett gi aL 1987^, Bensinger ej aL 1982^). 

Anti-A, anti-B and other anti-carbohydrate antibodies have been involved 
in allogeneic transfusion reactions and acute rejection of skin grafts, and 
5 transplanted organs. It has therefore been hypothesized that antibodies to 

carbohydrate determinants may play a significant role in the acute rejection of 
xenografts. Some studies indicate that certain carbohydrate structures are 
targets for xenoantibodies (Laus eLal. 1988^^ Piatt et aL 1990^°, Holgersson ej 
aL 1991"). 

10 Numerous glycolipids have been purified from mammalian cells and 

many of these structures are reviewed in a paper by Stults and associates 
(1989)^. Linear B type 2-like glycosphingolipids have been purified from cells 
obtained from rabbit, cattle, and new world monkeys (Eto et aL 1968'^, Stellner 
gt aL 1973^, Chien et aL 1979^ Egge et aL 1985^ and Galili et aL 1987*). 

15 Numerous specificities of anti-carbohydrate antibodies have been 

identified in plasma from humans. Galili and associates (1985)' have identified 
that anti-aGal(l-3)fiGal antibodies constitute as much as 1 % of circulating 
human IgG. This group purified antibodies from human AB sera using aGal(l- 
3)BGal(l-4)BGlcNAc Ginear B type 2) bound to biocompatible solid supports. 

20 They found that these antibodies bound to pig endothelial cells (from the aorta), 
pig epithelial cells (from the lens of the eye) and many other tissues from non- 
primate mammals and new world monkeys, but not to tissues from healthy old 
world monkeys, apes or man (Galili et aL 1988***). 

In non-xenogeneic transplants, the neutralization or removal of anti- 

25 carbohydrate antibodies utilizing A and B blood group trisaccharides covalently 
attached to a solid support in the form of an immunoadsorbent for the 
extracorporeal depletion of human anti-A and anti-B antibodies has been shown 
to facilitate kidney and bone marrow transplantation across the ABO blood 
group barrier (Bannett et aL 1987^, Bensinger et aL 1982^ and Agashi 1991*). 

30 This approach is currently in clinical trials. An injectable form of the A and B 
blood group trisaccharides for the in siiu neutralization of anti-A and anti-B 
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antibodies is currently in preclinical development. In studies of xenospecific 
antibody activity, utilization of other oligosaccharides covalently attached to a 
solid support was previously reported as not being particularly successful for 
removal of anticarbohydrate antibodies (Laus et al,^ ^) 

5 Disclosure of the Invention 

The invention encompasses two techniques for facilitating transplantation 
of xenogeneic cells, tissues, or organs into humans. One technique involves 
extracorporeal removal of xenoantibodies from the recipient's blood. The other 
involves inhibiting xenoantibodies in vivQ. The invention also encompasses 

10 compositions that are used in or result from these methods. 

Accordingly, one aspect of the invention is a method for attenuating 
antibody-mediated xenograft rejection in a human recipient of a xenograft 
comprising: identifying one or more xenoantigens, attaching the xenoantigen(s) 
to a biocompatible solid support, withdrawing antibody-containing body fluid 

15 from the recipient, removing preformed antibodies to at least one carbohydrate 
antigen of said xenograft that is involved in the rejection from the withdrawn 
body fluid by extracorporeal perfusion of the body fluid over a biocompatible 
solid support to which the antigen(s) is bound through a compatible linker arm, 
and reintroducing the perfused body fluid into the recipient. 

20 Another aspect of the invention is a method for attenuating antibody- 

mediated xenograft rejection in a human recipient of a xenograft comprising 
identifying at least one carbohydrate xenoantigen to preformed antibodies, and 
parenterally administering at least one carbohydrate xenoantigen capable of 
binding one or more antibodies that is involved in the rejection to the recipient 

25 in an amount sufficient to inhibit the recipient's antibodies to the antigen. 

A further aspect of the invention is a composition useful for attenuating 
antibody-mediated xenograft rejection in a human recipient of a xenograft 
comprising an injectable formulation of at least one carbohydrate xenoantigen. 
Yet another aspect of tfie invention is an immunoadsorbent composition 

30 useful for removing xenoantibodies from the blood of a human recipient of a 



xenograft to attenuate the rejection of the xenograft by the recipient comprising 
a biocompatible solid support having at least one identified xenoantigen attached 
thereto through a compatible linker arm. 

Still another aspect of the invention is human blood or plasma usefbl for 
infusing into a human recipient of a xenograft to attenuate rejection of said 
xenograft, the blood or plasma being depleted of preformed antibodies to at 
least one identified xenoantigen. 

Prief Descrfption of the Drawings 

Figures lA-lH illustrate carbohydrate structures used to study the 
binding of human antibodies eluted from pig heart, pig kidney and/or pig red 
cell stroma. 

Figure 2 illustrates that antibody*mediated lysis of pig erythrocytes is 
reduced by preadsorption of human plasma on a variety of matrix-bound 
carbohydrates and mixtures of matrix-bound carbohydrate structures. 

Figure 3 illustrates that antibody-mediated lysis of sheep, pig and bovine 
erythrocytes is reduced by pre-adsorption 'of human plasma with matrix-bound 
carbohydrate and mixtures of matrix-bound carbohydrate structures. 

Figures 4A and 4B illustrate a reduction in lysis of a variety of pig cell 
types when human plasma {O plasma (A) and AB plasma (B)} were pre- 
adsorbed with matrix-bound 0fGal(l-3)BGal(l-4)BGlcNAc-R Oinear B type 2) or 
aGal(l-3)BGal(l-4),8Glc-R (linear B type 6). 

Figure 5 illustrates a reduction in lysis to a pig kidney cell line 
(LLC-PK,) when human plasma (O, A, B and AB) were preadsorbed with some 
matrix-bound carbohydrate antigens. 

Figures 6 illustrates a reduction in lysis to a pig kidney cell line 
(LLC-PK,) when different human AB plasma were preadsorbed with some 
matrix-bound carbohydrate antigens. 

Figure 7 illustrates a reduction in lysis to a pig kidney cell line 
(LLC-PK,) when human plasma (O, A, B and AB) were preadsorbed with some 
matrix-bound carbohydrate antigens. 
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Figures 8A and 8B illustrate a reduction in lysis to a pig kidney cell line 
(LLC-PK,) when human plasma {O plasma (A) and A plasma (B)} were 
incubated with some soluble carbohydrate antigens. 

Figure 9 illustrates a reduction in lysis to a pig kidney cell line 
5 (LLC-PKi) when human plasma (O, A, B and AB) were incubated with some 
soluble carbohydrate antigens. 

Figure 10 illustrates a reduction in lysis to a pig kidney cell line (LLC- 
PKi) when different human AB plasma were incubated with some soluble 
carbohydrate antigens. 
10 Figures llA-D illustrate removal of antibodies when human plasma (O, 

A, B and AB) were preadsorbed with some matrix-bound carbohydrate antigens 
as detected by ELISA. 

Figures 12A-D illustrate removal of antibodies when different human 
AB plasma were preadsorbed with some matrix-bound carbohydrate antigens as 
15 detected by ELISA. 

Modes for Carrying Out the Invention * 
A. Definitions 

As used herein the following terms have the following meanings: 

Xenograft: a cell, tissue, or organ graft of a nonhuman mammalian 
20 species that normally gives rise to a rejection response in a human recipient. 

Rejection: an immune response with humoral and/or cellular components 
directed against a xenograft. 

Attenuation: a reduction or elimination of either or both components of a 
rejection response. 

25 Antibody-mediated: an immune response that directly or indirectly 

results from antigen-antibody interaction. 

Inhibit: a reduction or elimination of the ability of an antibody to induce 
a rejection response. 
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Xenoantigen: a carbohydrate antigen of a xenograft, particularly one 
that is involved in a rejection response or an antigen that cross-reacts with an 
antibody capable of binding to a carbohydrate antigen of a xenograft. 

Xenoantibodies: pre-formed (existing) human antibodies that recognize 
5 and bind xenoantigens as part of the rejection response. 

Biocompatible: chemical inertness with respect to human 
antibody-containing body fluids. 

Blood: whole blood, plasma or serum. 

Compatible linker arm: a moiety which serves to space the 
10 carbohydrate antigen from the biocompatible solid support and which is 

bifunctional wherein one functional group is capable of binding to a reciprocal 
functional group of the support and the other functional group is capable of 
binding to a reciprocal functional group of the carbohydrate antigen. 

B. Extracorporeal Removal of Xenoantibodies from Body Fluids 

15 As indicated, one aspect of this invention involves the steps of 

identifying one or more xenoantigens, attaching the xenoantigen(s) to a 
biocompatible solid support, withdrawing antibody-containing body fluid from a 
human xenograft recipient, removing preformed antibodies to one or more 
xenoantigens from the fluid via affinity chromatography, and reintroducing the 

20 xenoantibody-depleted body fluid into the recipient. 

While this technique may be applied to any antibody-containing body 
fluid, it will usually be applied to blood. The blood is withdrawn by 
conventional techniques and an anticoagulant (e.g., heparin, citrate) is typically 
added to it to prevent coagulation. If desired, cells may be removed from the 

25 blood before it is subjected to xenoantibody depletion. 

Xenoantibody depletion is achieved by perfusing the blood over a solid 
support having one or more xenoantigens bound to it. Xenoantigens may be 
identified by isolating xenoantibodies from human blood by perfusing the blood 
over xenograft material, removing bound antibodies from the xenograft, and 

30 using those antibodies to screen candidate carbohydrates, such as by a suitable 
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immunoassay. Examples of such xenoantigens are the carbohydrates listed in 
Table 1, infra , and shown in Figure 1. 

Chemical methods for the synthesis of carbohydrate xenoantigens can be 
accomplished by methods known in the art. These materials are generally 
5 assembled using suitably protected Individual monosaccharides including the 
desirable glucose, N-acetylglucosamine, galactose, N-acetylgalactosamine, 
fucose, and rhamnose or lactose intermediate. 

The specific methods employed are generally adapted and optimized for 
each individual structure to be synthesized. In general, the chemical synthesis 

10 of all or part of the oligosaccharide glycosides first involves formation of a 
glycosidic linkage on the anomeric carbon atom of the reducing sugar or 
monosaccharide. Specifically, an appropriately protected form of a naturally 
occurring or of a chemically modified saccharide structure (the glycosyl donor) 
is selectively modified at the anomeric center of the reducing unit so as to 

15 introduce a leaving group comprising halides, trichloroacetimidate, acetyl, 
thioglycoside, etc. The donor is then reacted under catalytic conditions well 
known in the art with an aglycon or an appropriate form of a carbohydrate 
acceptor which possesses one free hydroxyl group at the position where the 
glycosidic linkage is to be established. A large variety of aglycon moieties arc 

20 known in the art and can be attached with the proper configuration to the 
anomeric center of the reducing unit 

Appropriate use of compatible blocking groups, well known in the art of 
carbohydrate syntiiesis, will allow selective modification of the syntiiesized 
structures or the further attachment of additional sugar units or sugar blocks to 

25 tiie aocq)tor structures. 

After formation of the glycosidic linkage, the saccharide glycoside can 
be used to effect coupling of additional saccharide unit(s) or chemically 
modified at selected positions or, after conventional deprotection, used in an 
enzymatic synthesis. In general, chemical coupling of a naturally occurring or 

30 chemically modified saccharide unit to the saccharide glycoside is accomplished 
by employing established chemistry well documented in the literature. See, for 
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example, Okamoto et al.^, Ratcliffe et al.", Abbas et al.^^, Paulson^^, 
Schmidt^"^, Fugedi et al.^\ and Kameyama et al.^^ U.S. Patents Nos. 
4, 137,401 ^^ 4,238,473*^ and 4,362,720**^ and in Dahmen et al.^ ^ Schaubach et 
aL^\ Garegg et al.^ -^^ Jacquinet et al. ^^ Cox et al.^ , and Koike et al.^ ^ 
5 In the monosaccharide and oligosaccharide glycosides shown in Figure 

1, X represents oxygen, sulfur, -NH- or a covalent bond, and Y represents 
hydrogen or an aglycon group (i.e., that component of a glycoside which is not 
a sugar). In most instances Y represents a radical of the general formula -A-Z 
wherein A represents a bond, an alkylene group of from 2 to 10 carbons, or 

10 -(CH2-CR,-G)a- wherein n is an integer equal to 1 to 5 inclusive; Rj is selected 
from the group consisting of hydrogen, methyl and ethyl; and G is selected 
from the group consisting of hydrogen, oxygen, sulfur, nitrogen, phenyl, and 
phenyl substituted with 1 to 3 substituents selected from the group consisting of 
amine, hydroxyl, halo, and alkyi of from 1 to 4 carbon atoms, and Z is selected 

15 from the group consisting of hydrogen, methyl and when G is not oxygen, 
sulfur or nitrogen and A is not a bond, then Z is also selected from the group 
consisting of OH, SH, -NH2, NHR2. -C(0)OR2, -C(0)^fH2, -C(0)NH-NHR2, 
-C(0)NHR2 and -C(0)N(R2)2 wherein each Rj is independently hydrogen or 
alkyl of from 1 to 4 carbon atoms. 

20 Preferably X represents -0- and Y represents -A-Z wherein A is 

alkylene of 2 to 10 carbon atoms and Z is selected from the group consisting of 
-C(0)0R2, -C(0)NH2, and -C(0)NHR2 and Rj is hydrogen or alkyl of from 1 
to 4 carbon atoms. 

Particularly preferred carbohydrates from among those shown in Figure 

25 1 are carbohydrates of formulas 1, 2, 3, 4, 13, 25, 26, 31, and 32 wherein X is 
-O- and Y is -A-Z where A is alkylene of 2 to 10 carbon atoms and Z is 
selected from the group consisting of -C(0)0R2, -C(0)NH2 and -C(0)NHR2 
where R2 is hydrogen or alkyl of from 1 to 4 carbon atoms. 

The solid supports to which the xenoantigens are bound may be in the 

30 form of a continuous large surface or in the form of particles. A large variety 
of biocompatible solid support materials are known in the art. Examples 
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thereof are silica, synthetic silicates such as porous glass, biogenic silicates 
such as diatomaceous earth, silicate-containing minerals such as kaolinite, and 
synthetic polymers such as polystyrene, polypropylene, and polysaccharides. 
Preferred supports are described in U.S, Application Serial No. 07/270,950", 
5 filed 9 November 1988, the disclosure of which is incorporated herein by 
reference. 

The xenoantigen(s) is covalently bound or noncovalently (passively) 
adsorbed onto the solid support. The covalent bonding may be via reaction 
between functional groups on the support and the compatible linker arm of the 

10 xenoantigen. It has unexpectedly been found that attachment of the 

carbohydrate antigen to the biocompatible solid support through a compatible 
linking arm gives effective removal of anticarbohydrate antibodies. Linking 
moiedes that are used in indirect bonding are preferably organic bifunctional 
molecules of appropriate length (at least one carbon atom) which serve simply 

IS to distance the antigen from the surface of the solid support. The particular 
linking arm is not critical. 

Numerous aglycon linking arms are known in the art. For example, a 
linking arm comprising a para-nitrophenyl group (i.e., -YR = -0C^4pNO2) 
has been disclosed by Ekborg et al.''^ At the appropriate time during synthesis, 

20 the nitro group is reduced to an amino group which can be protected as N- 

trifluoroacetamido. Prior to coupling to a support, the trifluoroacetamido group 
is removed thereby unmasking the amino group. 

A linking arm containing sulfur is disclosed by Dahmen et al.^' 
Specifically, the linking arm is derived from a 2-bromoethyl group which, in a 

25 substitution reaction with thionucleophiles, has been shown to lead to linking 
arms possessing a variety of terminal functional groups such as 
-OCH2CH2SCH2CO2CH3 and -OCH2CH2SC6H4-PNH2. 

Rana et al.^^ discloses a 6-trifluoroacetamido-hexyl linking arm (-0- 
(CH2)6-NHCOCF3) in which the trifluoroacetamido protecting group can be 

30 removed unmasking the primary amino group used for coupling. 
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Other exemplification of known linking anns include the 7- 
methoxycarbonyl-3,6,dioxaheptyl linking arm^^ (-OCH2-CH2)20CH2C02CH3); 
the 2-(4-methoxycarbonylbutancarboxamido)ethyl*^ 

(.OCH2CH2hfHC(0)(CH2)4C02CH3); the aUyl Unking arm^^ (-OCHjCH^CHj) 
5 which, by radical co-polymerization with an appropriate monomer, leads to co- 
polymers; other allyl linking arms^^ are known [-0(CH2CH20)2CH2CH=CH2]. 
Additionally, allyl linking arms can be derivatized in the presence of 2- 
aminoethanethiol^^ to provide for a linking arm -OCH2CH2CH2SCH2CH2NH2- 
Other suitable linking arms are disclosed in U.S. Patents Nos. 4,137,401^^, 

10 4,238,473'^ and 4,362,720" and in Dahmen et al.^ ^ and Garegg sLaL". 

Additionally, as shown by Ratcliffe et al/*, the R group can be an 
additional saccharide or an oligosaccharide containing a linking arm at the 
reducing sugar terminus. 

Preferably, the aglycon moiety is a hydrophobic group and most 

15 preferably, the aglycon moiety is a hydrophobic group selected from the group 
consisting of KCH2)8COOCH3, -(CH2)50CH2CH=CH2 and -(CH2)gCH20H. 

The functional linking arm of the carbohydrate antigen is then used to 
attach the antigen to a biocompatible solid support. Such attachment is well 
known in the art and is disclosed, for example, by Venot et al., U.S. Serial No. 

20 07/887,746, filed May 22, 1992 as attorney docket No. 000475-029 which is 
incorporated herein by reference in its entirety. 

Solid supports having combinations of two or more xenoantigens bound 
thereto may be used to remove xenoantibodies of different specificity from the 
blood or plasma. Alternatively, the blood or plasma may be passed 

25 successively over a series of solid supports each of which has one or more 
different xenoantigens bound thereto to remove xenoantibodies of different 
specificity. Accordingly, based on the results of the examples it may be 
desirable to use combinations of one or more linear B type carbohydrate 
xenoantigens with another type of carbohydrate antigen (e.g., an A type 

30 antigen, a Forssman type antigen, a Rhamnose antigen, or a glucosaminide type 
antigen (see Figure 1)). In the case of porcine xenografts, combinations of at 
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least linear B type 2 and linear B type 6 antigens may be preferred. Such 
combinations of antigens may also be employed in the xenoantibody inhibition 
procedure described below. 

The blood will be contacted with the solid support under conditions that 
5 promote binding between the xenoantigens bound to the support and 

complementary xenoantibodies present in the blood or plasma. A preferred 
apparatus and technique for carrying out extracoiporeal hemoperfiision is 
described in said U.S. Patent Application Serial No. 07/270,950". Contact 
temperatures in the range of 35 ''C to 40*'C are preferably used. The contact 

10 time will typically be in the range of 1 to 6 hr. The unbound portion of the 
blood or plasma (i.e., xenoantibody-depleted blood or plasma) is then collected 
for reintroduction into the patient or it can be reintroduced directly on a 
continuous basis. The removal of xenoantibodies from the recipient's blood is 
carried out prior to transplantation (it is typically repeated daily up to 8 times 

15 before transplantation) so that the xenograft is introduced in the substantial 

absence of the xenoantibodies or at a time when the xenoantibodies are present 
at relatively low titers. The recipient's xenoantibody titer may be monitored by 
immunoassay. Insertion of the graft under such conditions lessens the 
likelihood of antibody-mediated hyperacute rejection (even though antibody 

20 titers may subsequently increase) and enhances graft survival. This 

phenomenon is variously termed "accommodation," "adaptation," or "anergy." 
Xenoantibody removal may be continued after transplantation if necessary. 

Conventional pharmacologic immunosuppression regimes employing 
nonspecific immunosuppressive agents such as cyclosporine, 

25 methylprednisolone, and azathioprine may be employed in conjunction with 
either or both of the invention methods. 



C. Inhibition of Xenoantibodies In Vivo 

As indicated, this technique involves parenterally introducing one or 
more identified xenoantigens into the xenograft recipient. Once introduced into 
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the circulation, these xenoantigens will bind to pre-formed xenoantibodies to 
neutralize the activity of those xenoantibodies. 

The same xenoantigens that are used in the xenoantibody removal 
technique may be used in the inhibition technique. One or more of these 
xenoantigens or pharmaceutically acceptable derivatives thereof (e.g., esters) is 
formulated as an injectable in a conventional pharmaceutically acceptable 
injectable vehicle (e.g., water for injection). Formulation typically involves 
mixing the antigen(s) with the vehicle, depyrogenating the mix by 
ultra^tration, and sterile filtering the depyrogenated mix. The mix may be 
lyophilized for storage and reconstituted in sterile vehicle if desired. 

The injectable formulation may be administered by intermittent bolus 
injection or by continuous intravenous infusion. The administration will 
typically be initiated shortly before revascularization of the xenograft and 
continued for a varying period of time following transplantation. The particular 
dosing and administration regimen may vary depending upon the type of 
transplant, the age, weight, and medical history of the recipient and donor, and 
the pharmacokinetics of the xenoantigen(s). Typically, the xenoantigens will be 
administered continuously at doses ranging between about 100 mg/hr and 1000 
mg/hr for 1 to 20 days. Concomitant pharmacologic immunosuppression is 
preferred. Extracorporeal removal of xenoantibodies as described previously 
may be used in combination with parenteral administration of xenoantigens. 

D. Examples 

The following examples demonstrate that a wide range of human anti- 
nonhuman mammalian antibodies are directed at carbohydrate antigens on the 
cells of a porcine xenograft, that some of these antibodies are cytotoxic 
(hemolytic) for cells of the xenograft and that application of monosaccharides 
and/or oligosaccharides, either alone or in combination, substantially neutralize 
these C3^olytic antibodies. 

In these examples, unless otherwise defined below, the abbreviations 
employed have generally accepted meaning: 
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ELISA = Enzyme linked immunosorbent assay 
BSA = Bovine serum albumin 
DMF = dimethylformamide 

PBS = Phosphate buffered saline = 7.8 mM Na2HP04, 2,2 mM 
5 KH2PO4, 154 mM NaCl and 15 mM NaNj, pH 7.1 to 7.3 

Gal = Galactose 

Glc = Glucose 

Man = Mannose 

GIcNAc = N-acetylglucosamine 
10 GalNAc = N-acetylgalactosamine 

Fuc = Fucose 

Rha = Rhamnose 

FBS = fetal bovine serum 

rpm = revolutions per minute 
15 cpm = counts per minute 

U = unadsorbed 

P = adsorbed with Chromosorb P 

LacNAc = BGal(l-4)CGlcNAc-R, R = -(CH2)8-CONH-SYNSORB in 
Example 3 or R = -(CH2)rCOOCH3 in Example 4. 
20 SYNSORB = synthetic carbohydrate structures bound to Chromosrb P 

through a -(CH2)8-CONH- linking arm. 

Reference numbers in Figures 4A and 4B, 5-7, 8A and 8B, 9, 10, 
UA-D, and 12A-D denote formulas of compounds as set forth in Figure 1. 
These examples are not intended to limit the scope of the invention in 
25 any manner. 



SUBSTITUTE SHEET 
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Example 1 

THenrification of C arbohydrate Compounds Which 
Bind Human Anti-mammalian Antibodies 

a) Isolation of human "anti-pig" antibodies 

5 Organs from two populations of pigs were used to purify human 

anti-pig antibodies. The pig strains were Poland China and Yorkshire. 
Antibody preparations were obtained by perfusing 100-200 ml of human plasma 
(O or AB) through pig hearts, pig kidneys or through a column containing solid 
support coated with pig red cell stroma. After washing the tissues thoroughly 
10 with 0.15 M NaCl, the retained antibodies were eluted from the tissue or 

column using 200 ml of 3M NaSCN. The antibodies were concentrated, and 
then the protein content determined. 

b) Carbohydrate antigens 

Carbohydrate antigens were made by covalent binding of the 
15 synthetic oligosaccharides with an aliphatic linking arm (CH2)8COOCH3 to BSA 
as described by Pinto and Bundle (1983)^^ and/or Lemieux, Bundle, Baker 
(Patent No. 4,137,401)" (ten to twenty haptens per molecule of BSA). 
Example 5, infra , describes this procedure as applied to carbohydrate 2 of 
Figure 1. Structures and trivial names of some of the monosaccharides and 
20 oligosaccharides used are included in Figure 1. The use of synthetic 

carbohydrate structures to detect antibody binding has been previously described 
in U.S. Patent 4,137,401". 

c) Enzyme linked immunosorbent assay (ELISA) 

The technology used for the EOSA assay for detecting anti- 
25 carbohydrate antibodies is a combination of the work from numerous groups. 
Wells in 96 microtitration plates (Flow Laboratories, Inc., McLean Virginia, 
U.S.A.) were coated by incubation at room temperature for 16 hours with 2 /tg 
of BSA-glycoconjugates or BSA per well (20 fig BSA-conjugate/ml diluted in 
PBS). The coating solutions were removed and 200 /tl/well of PBS containing 
30 5% BSA was added. After a 4 hours incubation (22**C), the wells were washed 
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twice with PBS, then once with HjO. The plates were inverted, allowed to dry, 
and stored at room temperature. 

Immediately before testing, 200 fil of PBS containing 1 % BSA (1 % 
BSA/PBS) was added to each of the wells and left to stand for 10 to 20 minutes 
5 at ambient temperature. The human anti-pig prq)arations were diluted to 

between 15 to 70 fig of eluted protein per ml of 1 % BSA/PBS. The BSA/PBS 
was removed and 100 /il of diluted anti-pig preparation was added to Uie 
appropriate wells, tiien incubated at A^'C for 16 hours. The antibody 
preparations were removed and the wells were washed 4 times with PBS (200 

10 /il/wash). Alkaline phosphatase-conjugated reagents (anti-human polyvalent (a, 
7 and fi chain specific), anti-human IgG (7 chain specific) and anti-human IgM 
(/X chain specific)) from Sigma Chemical Company (St. Louis, Missouri, 
U.S.A.) were each diluted 1/500 in 1% BSA/PBS. One hundred /xl of this 
mixture was added to each well. After 2 hours, wells were washed four times 

15 with PBS, then 100 fil/well of 1.0 mg of p-nitrophenyl phosphate/ml of 1 M 
diethanolamine-HCl (pH 9.8) containing 1% BSA and 500 (iM MgClj was 
added. After 1 hour, optical densities at 405 nm (O.D.) were measured using a 
Microplate Autoreader (Model EL 309, BIO-TEK Instruments, Winooski, 
Vermont, U.S.A.). The O.D. results for BSA-coated wells were subtracted 

20 from the results for the glycoconjugate-BSA-coated wells for each preparation. 
The assays were performed in duplicate. The anti-human immunoglobulin 
conjugated to alkaline phosphatase did not bind significantly to any of the 
structures tested. The results are rq)orted in Table 1. 
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Numerous carbohydrate structures bound antibodies eluted from pig 
heart, pig kidney and/or pig red cell stroma. Some of these structures are 
included in Table 1. As shown in Table 1, B-like carbohydrate molecules 
(especially linear B type 2 and linear B type 6) exhibited the most reactivity for 
5 the majority of samples tested, including anti-pig heart and anti-pig kidney. 

For individual eluted antibody preparations other carbohydrate antigens 
bound antibodies, including A or A-like carbohydrates (namely A disaccharide, 
A trisaccharide, a variety of A tetrasaccharides and linear A type 6); Forssman 
disaccharide and Forssman trisaccharide; a-L-Rhamnose and Rhamnose- 

10 containing structures; N-acetyl-B-D-glucosaminide (BGlcNAc) and BGlcNAc- 
containing structures (Table 1). However, not all of these antigens bound 
significant levels of antibody for all preparations. 

The populations of anti-carbohydrate antibodies varied depending on the 
particular tissue and the individual serum adsorbed, but anti-linear B type 2, 

15 anti-linear B type 6 and anti-B dissacharide antibodies were present in every 
preparation of antibodies tested (Table 1). Based on the ELISA assay, these 
anti-linear B type 2, anti-linear B type 6 and anti-B dissacharide antibodies 
appear to be the most significant group of anti-pig carbohydrate antibodies. 
Antibodies capable of binding to A-related structures were expected 

20 since numerous papers have been published on many A or A-like glycolipids 
and glycoproteins isolated and/or characterized from swine tissue. A and O 
phenotypes have been reported in pigs (Holgersson et aL 1990*^ and significant 
levels of anti-A are found in serum and plasma of humans with O or B 
phenotypes. Some of the O.D. readings for antibodies capable of binding to 

25 synthetic A structures were lower than expected. For example, for human O 
plasma anti-pig kidney (sample 8A° in Table 1), the pig had an A-phenotype 
based on agglutination of pig erythrocytes with human anti-A blood typing 
reagent, but the O.D. readings were less than 0.2 for A trisaccharide, A type 4, 
A type 5 and A type 6. The O.D. readings for human O plasma anti-pig 

30 kidney (sample 7B^ in Table 1), however, were relatively high against A 
trisaccharide, A type 4, A type 5, and A type 6 (O.D. > 1.0). 
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In most of the human anti-pig heart preparations some of the highest 
readings were against N-acetyl-B-D-glucosaminide (BGlcNAc), iJGlcNAc(l- 
4)flGlcNAc, a-L-Rhamnose (a-L-Rha) and a-L-Rha(l-3)BGlcNAc(l-2)a-L-Rha 
(Table 1). There may be certain populations of anti-carbohydrate 
xenoantibodies that are more important for some organs. 

Some of the monosaccharide and oligosaccharide structures that bound 
significant levels of human antibodies eluted from pig heart, pig kidney and/or 
pig red cell stroma (optical density at 405 nm >, 0.5 after 1 hour) from one or 
more preparation are listed in Table 1. 

There were variations in the carbohydrate structures which appeared to 
have fairly high antibody binding (O.D. at 405 nm >. 0.5) from preparation to 
preparation. The type of human plasma, the individual plasma, the individual 
animal and/or the organ from which the antibodies were eluted all appeared to 
create variation. 

The findings set forth in this application will apply to other organs and 
cells that have not been investigated. One specific embodiment contemplated 
by this invention is its use in conjunction with pancreatic islet cell 
xenotransplantation. 

Example 2 

Measuring Hurpai^ Hemolytig Antibodig; tq 
Porcine, Bovine and Sheep Ervthrocvte Antigens 

Heat-Inactivation of serum and plasma for Examples 2, 3 and 4 : 

Heat inactivated human serum or human plasma was used unless 
otherwise noted. It was heated in a water bath at 56''C for 30 minutes to 
inactivate the complement (heat-inactivated). 

Preparation of Serum for Example 2 : 

Portions (1.2 ml) of human Type O serum were then transferred into 
test tubes containing 0.4g +. O.Olg of Chromosorb P (Manville Corp., Denver, 
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Colorado), synthetic carbohydrate structures bound to Chromosorb P 
(hereinafter called SYNSORB, trademark of Chembiomed Ltd.), or niixtures of 
carbohydrate structures bound to Chromosorb P (mixtures of SYNSORB); and 
0.3 ml PBS. Example 6, infra , describes the technique for coupling the 
5 carbohydrates to Chromasorb P as applied to compound 2 of Figure 1. The 
samples were mixed and incubated at 4°C for 16 hours. These preparations 
were centrifuged at 1000 rpm and the supematants collected. 

Prppararion of erythrocytes: 

Pig, bovine and sheep erythrocytes were washed 3 times with excess 
10 PBS (using a 1 minute centrifugation at 1000 x g after each wash), then washed 
3 times with 1% BSA in PBS. The final cell pellet was diluted to 1% (y/v) in 
1% BSA in PBS. 

Hemolytic assay : 

A hemolytic assay was then performed based on an assay described by 
15 Rapp and Borsos (1966)^^ The adsorbed and unadsorbed serum samples were 
diluted 1/4 in 1 % BSA in PBS, then 50 fil was added to Uie appropriate wells 
(Figure 2 results); or adsorbed and unadsorbed human serum samples were 
undiluted or diluted 1/2 or 1/4 witii 1% BSA in PBS, tiien 100 ^1 added to the 
appropriate wells (Figure 3 results). A 1% suspension of porcine erythrocjrtes 
20 (Figure 2) or a 2% suspension of porcine, sheep or boyine erythrocytes (Figure 
3) was added to the appropriate wells of a V shaped 96 well microtitration 
plate(s). Several control wells were also prepared containing 50 ^1 of 
erythrocyte suspension and 50 /xl or 100 fil of 1% BSA in PBS. After a 1 
hour incubation at 22*^0 the plate(s) were centrifuged for 5 minutes at 1100 
25 rpm in a Beckman TJ-6 Centrifuge (Beckman Instruments, Inc., Palo Alto, 
California, U.S.A.). A complement preparation was prepared using 1 ml of 
lyophilized LOWTOX-M rabbit complement (Cedarlane Laboratories Ltd,, 
Hornby, Ontario, Canada) reconstituted with 1 ml of cold, purified water, then 
diluted 1/15 with gelatin yeronal buffer (Sigma Chemical Co.). The 
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supematants were removed, then 200 fil of diluted complement, gelatin veronal 
buffer, or water was added to the wells. The samples were mixed using a clean 
pipette tip for each well, then incubated for 1 hour at ST^'C. The plate(s) was 
centriftiged at 2000 ipm for 3 minutes, then 150 ^1 of supernatant/well was 
5 transferred into a flat-bottomed plate and the optical density at 405 nm (O.D.) 
was read using a Microplate Autoreader (Model EL 309, BIO-TEK 
Instruments, Winooski, Vermont, U.S.A.). 

The percentage (%) hemolysis was calculated based on: 0 % hemolysis 
= the average O.D. from wells to which erythrocytes, 1 % BSA in PBS and 
10 complement were added (no serum); and 100% lysis = the average 0,D. from 
wells to which erythrocytes, unadsorbed serum or serum absorbed with 
Chromosorb P and complement were added. 

Adsorption of human serum with particular carbohydrate structures 
bound to matrix and combinations of matrix-bound carbohydrates reduced the 
15 hemolysis of porcine, sheep and bovine erythrocytes (Figures 2 and 3). 

The samples in Figure 2 were adsorbed with the following SYNSORB- 
bound carbohydrates: a combination of linear B type 6, A trisaccharide, B 
trisaccharide and BGlcNAc (1); a combination of linear B type 6 and BGlcNAc 
(2); a combination of linear B type 6 and B trisaccharide (3); a combination of 
20 linear B type 6 and A trisaccharide (4); BGlcNAc (5); linear B type 2 (6); 

linear B type 6 (7); B trisaccharide (8); A trisaccharide (9); LacNAc (10); and 
Chromosorb P alone (11). Structures are shown in Figure 1. 

The samples in Figure 3 were adsorbed with the following SYNSORB- 
bound carbohydrates: a combination of linear B type 6, A trisaccharide, B 
25 trisaccharide and BGlcNAc (1); a combination of linear B type 6 and B 
trisaccharide (2); a combination of linear B type 6 and BGlcNAc (3); a 
combination of linear B type 6 and A trisaccharide (4); linear B type 2 (5); 
BGlcNAc (6); linear B type 6 (7); B trisaccharide (8); A trisaccharide (9); 
LacNAc (10); and Chromosorb P alone (11). 
30 As shown in Figure 3, the combination of A trisaccharide-SYNSORB 

and linear B type 6-SYNSORB were more effective at reducing hemolytic 
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activity to porcine and sheep erythrocytes than either linear B type 6-SYNSORB 
or A trisaccharide separately. Not all sera have anti-A activity and there is 
some diversity in the specificity and concentration of antibodies from 
individuals with various blood types and between individuals with the same 
5 blood type. Therefore it may be necessary to employ a combination of 
monosaccharides and/or oligosaccharides to reduce the majority of cytolytic 
antibodies. This would be the best combination of carbohydrate structures from 
person to person, from species to species, and from organ to organ. 

Example 3 

IQ Removal of Human Cytotoxic Antibodies to 

Pig Antigens with Matrix-Bound Carbohydrates 

In this experiment, pig erythrocytes, lymphocytes and an adherent pig 
kidney cell line (LLC-PK, from American Type Culture Collection, Rockville, 
Maryland, U.S.A.: Cat.# CRL 1392-CLlOl) were used as target ceUs, The 

15 erythrocytes and lymphocytes were separated from whole heparinized pig blood 
with FicoU-Paque (Pharmacia LKB Biotechnology Inc., Piscataway, New 
Jersey, U.S.A.: Cat.# 17-0840-02). The pig kidney cell line was cultured in 
Medium 199 (Gibco BRL Canada, Burlington, Ontario, Canada) with 10% FBS 
(Hybri-Max from Sigma Chemical Co.: Cat.# CPSR-3). Each of these target 

20 cells was labelled with chromium-51 (Amersham, Oakville, Ontario, Canada: 
Cat# CJS.ll) by incubation at 37°C for 1 hour (10^ cells with 100 fil 
(lOO/iCi) of chromium). Cells were washed once in medium, incubated for 1 
hour at 37**C, and then washed twice to remove non-incorporated chromium. 

Undiluted heat-inactivated plasma (100 /xl) was incubated with 100 fil of 

25 chromium-labelled target cells (2 x 10* cells) in 96 well V bottom microtiter 
plates (Dynatech Lab., Ghantilly, Virginia, U.S.A.: Cat.# 1-220-25X) at 37''C 
for 1 hour with shaking (20 rpm). A 1/15 dilution of rabbit complement 
(LOWTOX-M from Cedarlane Laboratories Ltd., Hornby, Ontario, Canada: 
Cat.# CL3051) was added to each well. The plate was again incubated for 1 
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hour at 37''C with shaking. Plates were then spun at 1000 rpm and 
supematants were counted for chromium content in the Beckman gamma 4000 
counter (Beckman Instruments, Inc., FuUerton, California, U.S.A.). 
Spontaneous and total release controls were also run. Spontaneous counts were 

5 always less than 5% of the total counts, and typical total counts of cells ranged 
from 10,000 to 20,000 cpm. 

As seen from the results shown in Figures 4A and 4B, unadsorbed 
human O and AB plasma contained antibodies capable of lysing chromium- 
labelled pig lymphocytes, erythrocytes, and the pig kidney cell line. Perfusion 

10 of these plasma samples through the heart reduced cytotoxic activity (Figures 
4 A and 4B) presumably due to the binding of cytotoxic antibodies to the pig 
tissues. In a transplant situation, the binding of these antibodies could 
potentially cause hyperacute rejection. 

To investigate the ability of the carbohydrates (A trisaccharide, B 

15 trisaccharide, LacNAc (BGal(l-4) BGlcNAc-R), linear B type 2 and linear B 
type 6), coupled onto SYNSORB, to remove human anti-pig cytotoxic 
antibodies, 1 ml of plasma was adsorbed dvemight at 4'*C with 0.2 g of the 
different SYNSORB. The adsorbed plasma was then tested in the chromium 
release assay. The A trisaccharide-SYNSORB, B trisaccharide-SYNSORB, 

20 LacNAc-SYNSORB and Chromosorb P had little effect in these examples 
(Figures 4A and 4B). Linear B type 2-SYNSORB and linear B type 6- 
SYNSORB significantly reduced the cytolytic activity. These results clearly 
demonstrate that linear B type 2 or linear B type 6 bound to SYNSORB is 
effective in binding human anti-pig cytotoxic antibodies. 

25 The following experiments were conducted using the experimental 

procedures described above, except that the plasma used were not heat 
inactivated. Rabbit complement was added to each well, as described 
previously. 

Human plasma (A, B, 0 and AB) samples were adsorbed with matrix- 
30 bound carbohydrates (SYNSORBS) to remove human anti-pig cytotoxic 

antibodies. (Refer to Figure 1 for structures of the carbohydrate compounds 
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used.) The adsorbed plasma were tested in the chromium release assay. These 
results, shown in Figure 5, clearly demonstrate that the B disaccharide (formula 
4 from Figure 1) and Linear B type 6 (formula 2 from Figure 1) SYNSORBS 
significantly reduce the cytotoxic activity in all human blood groups. 
5 Four different AB human plasma types were adsorbed with matrix-bound 

carbohydrates (SYNSORBS) to remove human anti-pig cytotoxic antibodies. 
(Refer to Figure 1 for structures of the carbohydrate compounds used.) The 
adsorbed plasma were tested in the chromium release assay. Results are shown 
in Figure 6. The B disaccharide and Linear B type 6 SYNSORBS significantly 

10 reduced the cytotoxic activity in one particular AB plasma (1808035). In 
another plasma sample (1901422), these SYNSORBS showed only marginal 
reduction of cytotoxic activity. In sample 1809451, the linear B type 6 
SYNSORB reduced cytotoxic activity, but die B disaccharide SYNSORB did 
not. In sample 7708213, neither the B disaccharide SYNSORB nor the linear B 

15 type 6 SYNSORB significantly decreased cytotoxic activity. This example 
demonstrates heterogeneity in the population, since the cytotoxic antibodies 
found in some plasma apparentiy require adsorption by the aGal(l-3)/?Gal(l- 
4)/3Glc structure while the Linear B backbone of the B disaccharide (aGal(l- 
3)jSGal) is sufficient for adsorption of the cytotoxic antibodies in other plasma. 

20 Human plasma (A, B, O, and AB) samples were adsorbed with matrix- 

bound carbohydrates (SYNSORBS) to remove human anti-pig cytotoxic 
antibodies. (Refer to Figure 1 for structures of the carbohydrate compounds 
used.) The adsorbed plasma were tested in the chromium release assay. The 
results are shown in Figure 7. Linear B type 6 and Linear B type 1 (formula 3 

25 from Figure 1) SYNSORBS significantly reduced the cytotoxic activity in 
human plasma samples. P-K trisaccharide (formula 37 from Figure 1) 
SYNSORB marginally reduced cytotoxic activity in the Type AB and B human 
plasma tested. P-1 trisaccharide (formula 40 from Figure 1) SYNSORB 
marginally reduced cytotoxic activity in this Type A human plasma. P-K and 

30 P-1 trisaccharide SYNSORBS did not show reduction of cytotoxic activity in 
this Type 0 human plasma. These results show that the Linear B structure is 
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specific for cytotoxic antibodies, but other carbohydrates may remove or block 
other antibody specificities. 

Example 4 

Removal of Human Cytotoxic Antibodies to 
5 Pig Antigens with Carbohydrate Haptens 

This procedure was done to investigate the potential for inhibiting 
human preformed cytotoxic antibodies with carbohydrate(s) haptens. Human 
heat inactivated plasma (1 ml) was incubated overnight at 4''C with 0.215 g of 
A-trisaccharide-X-Y, B-trisaccharide-X-Y, fiGlcNAc-X-Y, LacNAc-X-Y, linear 

10 B type 2-X-Y, or linear B type 6-X-Y (X-Y = -0-(CH2)8 -COOCH3 or -O- 
(CH2)rCOOCH2CH3, as in Figure 1, referred to as SYNJECT, trademark of 
Chembiomed, Ltd.). The chropiium release assay was then performed with 
treated and untreated plasma; the pig kidney cell line (LLC-PK|) was used as 
the target cell. As depicted in Figures 8A and 8B, linear B type 2-X-Y and 

15 linear B type 6-X-Y completely inhibited the cytotoxic effect of antibodies to 
the pig cell line. Other haptens partially inhibited these cytotoxic antibodies 
(i.e., B trisaccharide). These results indicate that a soluble carbohydrate(s) 
hapten (SYNJECT form) may be effective for in situ inhibition of pre-formed 
human anti-carbohydrate antibodies. 

20 The following experiments were conducted using the experimental 

procedures described above, except that the plasma used were not heat 
inactivated. Rabbit complement was added to each well, as described above in 
Example 3. 

Human plasma (A, B, O, and AB) samples were incubated with 
25 carbohydrate haptens to inactivate human anti-pig cytotoxic antibodies. (Refer 
to Figure 1 for structures of the carbohydrate compounds used.) The incubated 
plasma were tested in the chromium release assay. Results are shown in Figure 
9. B disaccharide and Linear B type 6 haptens significantly reduced the 
cytotoxic activity in all blood groups. 
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Two different AB human plasma types were incubated with carbohydrate 
haptens to remove human anti-pig cytotoxic antibodies. (Refer to Figure 1 for 
structures of the carbohydrate compounds used.) The incubated plasma were 
tested in the chromium release assay. The results are shown in Figure 10. B 
5 disacchaiide hapten only marginally reduced the cytotoxic activity in both 

plasma types. Linear B type 6 and B type 6 haptens each reduced the cytotoxic 
activity in one plasma type, but not the other. This example further 
demonstrates heterogeneity in the population. 

Example 5 

10 Preparing fcyGalfl-3)8GalfM>fiG1c-0-fCH .) .CONIDp- BSA 

Sixty milligrams of the methyl ester form of compound 2 in Figure 1 
(aGal(l-3)BGal(l-4)BGlc-0-(CH2)8COOCH3) was dissolved in 1.5 ml of 
hydrazine hydrate. After 2 hours, the hydrazine hydrate was removed in high 
vacuum and the residue was co-evaporated with water, then the hydride was 

15 purified on a C18 reverse phase column (Waters Chromatography Division, 
Millipore Corp., Milford MA, U.S.A.) then freeze-dried. Nineteen mg of the 
synthetic hapten hydride was dissolved in 0.2 ml dry amine-free DMF and 
cooled to -20*'C under an inert atmosphere. A 3.6 M solution (31 |il) of HCl 
in dioxane and 53 fil (45 ^imoles) of tertiary butyl nitrite were added and the 

20 solution stirred for 30 minutes at 20'*C. Sulfamic acid (1.4 mg) in DMF was 
added and stiired for an additional IS minutes. This acyl azide solution was 
added directly to a solution of (30 mg BSA in 3 ml 0.2 M N- 
thioldiethanolamine in water, pH 8.98, 0 to 4°C). After 16 hours at 4*^0, the 
solution was dialyzed against water, then freeze dried. Thirty-six mg of a 

25 white powder was recovered. The incorporation of hapten was determined by 
die phenol-sulfiiric acid method (Dubois et aL 1956^) and was calculated to be 
17 moles of hapten per mole of BSA. 

This preparation was used in Example 1 to detect anti-linear B type 6 
antibodies. 
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Example 6 

Preparation of an Effective Immunoadsorbent 
faGalfl-3)BGalfl-4^fiGlc-0-fCH^VCQNHVSYNSORB 

Forty mg of the hydride form of compound 2, in Figure 1 was prepared 
5 as described in Example 5 and dissolved in 0.3 ml DMF. This solution was 
cooled to •20°C under an inert atmosphere. A 3.6 M solution (62 ^1) of HCl 
in dioxane and 11 ^1 (90 /xmoles) of tertiary butyl nitrite were added and the 
solution stirred for 30 minutes. Hunigs base (N,N-Diisopropylethylamine from 
Aldrich Chemical Co., Inc., Milwaukee, Wisconsin U.S.A.: Cat.# D12.580.6) 

10 (45 /il or 258 /xmoles) was added and stirred for an additional 2 minutes. This 
acyl azide solution was added directly to a slurry of silylaminated calcined 
diatomaceous earth (56 g of Chromosorb P from Manville Corp., Denver, 
Colorado) in acetonitrile (150 ml) at 4**C. (The silylamination was performed 
using a protocol described by Weetall (1976)^'*.) After stirring for 2 hours at 

15 4''C and 2 hours at room temperature, the solid was collected by filtration and 
the unreacted amines were N-acetylated using 5% acetic anhydride in methanol, 
gently stirred for one hour, then incubated overnight at room temperature. The 
solid portion was then washed using methanol and ethyl ether, then air dried. 
The incorporation of hapten was determined by the phenol-sulfuric acid method 

20 and determined to be 0.87 ftmole of hapten/g of matrix. 

This preparation was used in Examples 2 and 3 to remove anti-linear B 
type 6 antibodies. 

Example 7 

Detection of a Reduction of Human Antibody Titers to Carbohvdrate 
25 Compounds by Plasma Adsorption with Matrix-Bound Carbohvdratefs) Using 

Enzvme-Linked Immunosorbent Assay fELISA) 

Flat-bottom 96 well immuno-plates (Gibco-BRL, Burlington, Ontario, 
Canada) were coated with lOO/zl/well of lOftg/ml BSA or carbohydrate-BSA 
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conjugates diluted in O.OSM carbonate-bicarbonate coating buffer (Sigma 
Chemical Co.), pH 9.6. Plates were incubated at 4 o C for 18 hours, then 
emptied and blocked with ISO^l/well of 1 % BSA (Sigma) in PBS for one hour 
at room temperature. The plates were then washed three times with PBS 
5 containing 0.05% polyoxyethylene-sorbitan monolaurate (tween 20; Sigma). 

Human plasma from blood types A, B, AB, and O, either unadsorbed or 
adsorbed with Chromosorb P, B dissacharide SYNSORB, or Linear B type 6 
SYNSORB were diluted 1:100 with PBS-tween 20 and aliquoted in triplicate to 
BSA control on carbohydrate-BSA coated wells. After an incubation period of 
10 two hours at room temperature and three subsequent washings with PBS-tween 
20, all wells received 100 ^1 of goat anti-human polyvalent (a, 7, and /i chain 
specific)-alkaline phosphate conjugate (Sigma) diluted 1:350 in PBS-tween 20. 
Once again the plates were incubated at room temperature for two hours and 
then washed three times with PBS-tween 20. One hundred microliters of 
15 disodium p-nitrophenyl phosphate (Sigma) diluted to 1 mg/ml in 10% (v/v) 
diethanolamine buffer, pH 9,8 (Fisher Scientific), containing 0.01% (w/v) 
magnesium chloride (Fisher Scientific) was added to each well. The immuno- 
plates were incubated in the dark at room temperature for 30 minutes. The 
absorbance at 405 nm was then read for each well using a Titertek Multiskan 
20 (Flow Laboratories, McLean, Virginia), Measurements of non-specific binding 
of plasma to wells coated with BSA only, were subtracted from the results 
presented in Figures llA-D and 12A-D. 

Human A, B, O, and AB plasma adsorbed with SYNSORBS were tested 
against a panel of Hapten-BSA conjugates. Refer to Figure 1 for structures of 
25 the carbohydrate compounds used. As shown in Figures UA-D, plasma 

adsorbed with B dissacharide or Linear B type 6 SYNSORBS showed markedly 
decreased binding to the B dissacharide, Linear B type 6 and Linear B type 2 
BSA conjugates when compared to unadsorbed plasma or plasma adsorbed with 
Chromosorb P. These SYNSORBS did not decrease binding to N-acetyl-/3-D- 
30 Glucosaminide (formula 25 from Figure 1) and a-L-Rhamnose (formula 31 

from Figure 1) BSA conjugates. These results demonstrate that B dissacharide 
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and Linear B type 6 SYNSORBS were able to remove or reduce specific 
antibody from plasma. 

Human AB plasma adsorbed with SYNSORBS were tested against a 
panel of Hapten-BSA conjugates. Refer to Figure 1 for structures of the 
5 carbohydrate compounds used. As shown in Figures 12A-D, plasma adsorbed 
with B dissacharide or Linear B type 6 SYNSORBS showed decreased binding 
to the B dissacharide, Linear B type 6 and Linear B type 2 BSA conjugates 
when compared to unadsorbed plasma or plasma adsorbed with Chromosorb P. 
These SYNSORBS did not decrease binding to other Hapten- BSA conjugates, 
10 These results demonstrate that B dissacharide and Linear B type 6 SYNSORBS 
were able to remove or reduce specific antibody from plasma. 

Modifications of the above-described modes that are obvious to those of 
skill in the fields of transplantation immunology, carbohydrate chemistry, and 
related fields are intended to be within the scope of the following claims. 
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WHAT IS CLAIMED IS: 

1. A method for attenuating antibody-mediated xenograft rejection 
in a human recipient of a xenograft comprising: 

(a) identifying at least one carbohydrate antigen to preformed 
antibodies; 

(b) attaching said identified antigen(s) to a biocompatible solid 
support through a compatible linker arm; 

(c) withdrawing antibody-containing body fluid from the recipient; 

(d) removing preformed antibodies to at least one carbohydrate 
antigen of said xenograft that is involved in the rejection from the withdrawn 
body fluid by extracorporeal perfusion of die body fluid over the biocompatible 
solid support of step (b); and 

(e) reintroducing the perfused body fluid into the recipient. 

2. The method of claim 1 wherein the carbohydrate antigen is a 
monosaccharide glycoside or an oligosaccharide glycoside. 

3. The method of claim 1 wherein the body fluid is blood. 

4. The method of claim 1 wherein the xenograft is a porcine 
xenograft. 

5. The method of claim 1 wherein the antigen is selected from the 
group consisting of the glycosides shown in Figure 1 wherein X is selected 
from the group consisting of 0, S, NH and a bond, and Y is an aglycon group. 

6. The method of claim 5 wherein Y represents the group -(A)-Z 
wherein A represents ia bond, an alkylene group of from 2 to 10 carbons, or - 
(CHj-CRi-G)^- wherein n is an integer equal to 1 to 5, inclusive; R| is selected 
from the group consisting of hydrogen, methyl and ethyl; and G is selected 
from the group consisting of hydrogen, oxygen, sulfur, nitrogen, phenyl, and 
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phenyl substituted with 1 to 3 substituents selected from the group consisting of 
amine, hydroxy!, halo, and alkyl of from 1 to 4 carbon atoms, and Z is selected 
from the group consisting of hydrogen, methyl and when G is not oxygen, 
sulfur or nitrogen and A is not a bond, then Z is also selected from the group 
5 consisting of OH, SH, -NHj, -NHRj, -C(0)0R2, -C(0)NH2, -C(0)NH-NHR2, 
-C(0)NHR2 and -C(0)N(R2)2 wherein each R2 is independently hydrogen or 
alkyl of from 1 to 4 carbon atoms. 

7. The method of claim 5 wherein X is -O- and Y is -A-Z where A 
is alkylene of 2 to 10 carbon atoms and Z is selected from the group consisting 

10 of -C(0)0R2, -C(0)NH2, and -C(0)NHR2 and Rj is hydrogen or alkyl of from 
1 to 4 carbon atoms. 

8. The method of claim 1 wherein the antigen is the glycoside of 
formula 1 of Figure 1 and X is -O- and Y is -A-Z where A is alkylene of 2 to 
10 carbon atoms and Z is selected from the group consisting of -C(0)0R2, 

15 -C(0)NH2 and -C(0)NHR2 where R2 is hydrogen or alkyl of from 1 to 4 carbon 
atoms. 

9. The method of claim 1 wherein the antigen is the glycoside of 
formula 2 of Figure 1 where X is -O- and Y is -A-Z where A is alkylene of 2 
to 10 carbon atoms and Z is selected from the group consisting of -C(0)OR2, 

20 -C(0)NH2, and -C(0)NHR2 and Rj is hydrogen or alkyl of from 1 to 4 carbon 
atoms. 

10. The method of claim 1 wherein the antigen is the glycoside of 
formula 4 of Figure 1 where X is -O- and Y is -A-Z where A is alkylene of 2 
to 10 carbon atoms and Z is selected from the group consisting of -C(0)OR2, 

25 -C(0)NH2, and -C(0)NHR2 and R2 is hydrogen or alkyl of from 1 to 4 carbon 
atoms. 
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ll . A method according to claim 1 further comprising the step of 
administering conventional immunosuppressive therapy. 

12. A method for attenuating antibody-mediated xenograft rejection 
in a human recipient of a xenograft comprising: 

(a) identifying at least one carbohydrate antigen to preformed 
antibodies; and 

(b) parenterally administering at least one of said identified 
antigen(s) to the recipient in an amount sufficient to inhibit the recipient's 
antibodies to the andgen. 

13. The method of claim 12 wherein the antigen is a monosaccharide 
glycoside or an oligosaccharide glycoside, 

14. The method of claim 12 wherein the xenograft is a porcine 
xenograft. 

15. The method of claim 12 wherein the antigen is selected from the 
group consisting of the glycosides shown in Figure 1 wherein X is selected 
from the group consisting of O, S, NH and a bond, and Y is an aglycon group. 

16. The method of claim 15 wherein Y represents the group -(A)-Z 
wherein A represents a bond, an alkylene group of from 2 to 10 carbons, or- 
(CH2-CRi-G)o-, wherein n is an integer equal to 1 to 5, inclusive; is selected 
from the group consisting of hydrogen, methyl and ethyl; and G is selected 
from the group consisting of hydrogen, oxygen, sulfur, nitrogen, phenyl, and 
phenyl substituted with 1 to 3 substituents selected from the group consisting of 
amine, hydroxyl, halo, and alkyl of from 1 to 4 carbon atoms, and Z is selected 
from the group consisting of hydrogen, methyl and when G is not oxygen, 
sulfiir or nitrogen and A is not a bond, then Z is also selected from the group 
consisting of OH, SH, -NHj, -NHRj, -C(0)OR2, -C(0)NH2, -C(0)NHR2 and 
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-C(0)N(R2)2 wherein each is independently hydrogen or alkyl of from 1 to 4 
carbon atoms. 

17. A method according to claim 15 wherein X is -O- and Y is -A-Z 
where A is alkylene of 2 to 10 carbon atoms and Z is selected from the group 
consisting of -C(0)0R2, -C(0)NH2 and -C(0)NHR2 where Rj is hydrogen or 
alkyl of from 1 to 4 carbon atoms. 

18. A method according to claim 12 wherein the antigen is the 
glycoside of formula 1 as set forth in Figure 1 and X is -O- and Y is -A-Z 
where A is alkylene of 2 to 10 carbon atoms and Z is selected from the group 
consisting of -C(0)ORa, -C(0)NH2 and -C(0)NHR2 where Rj is hydrogen or 
alkyl of from 1 to 4 carbon atoms. 

19. A method according to claim 12 wherein the antigen is the 
glycoside of formula 2 of Figure 1 and X is -O- and Y is -A-Z where A is 
alkylene of 2 to 10 carbon atoms and Z is selected from the group consisting of 
-C(0)OR2, -C(0)NH2 and -C(0)NHR2 where Rj is hydrogen or alkyl of from 1 
to 4 carbon atoms. 

20. A method according to claim 12 wherein the antigen is the 
glycoside of formula 4 of Figure 1 and X is -O- and Y is -A-Z where A is 
alkylene of 2 to 10 carbon atoms and Z is selected from the group consisting of 
-C(0)0R2, -C(0)NH2 and -C(0)NHR2 where Rj is hydrogen or alkyl of from 1 
to 4 carbon atoms. 

21. A method according to claim 12 further comprising the step of 
administering conventional immunosuppressive therapy. 

22. A composition useful for attenuating antibody-mediated xenograft 
rejection in a human recipient of a xenograft comprising an injectable 
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formulation of at least one carbohydrate antigen of the xenograft that is 
involved in the rejection. 

23. The composition of claim 22 wherein the antigen is selected from 
the group consisting of the glycosides shown in Figure 1 wherein X is selected 
from the group consisting of O, S, ,NH and a bond, and Y is an aglycon group. 

24. The composition of claim 23 wherein Y represents the group 
-(A)-Z wherein A represents a bond, an alkylene group of from 2 to 10 carbons 
or -(CH2-CRrG)„-, wherein n is an integer equal to 1 to 5, inclusive; R, is 
selected from the group consisting of hydrogen, methyl and ethyl; and G is 
selected from the group consisting of hydrogen, oxygen, sulfur, nitrogen, 
phenyl, and phenyl substituted with 1 to 3 substituents selected from the group 
consisting of amine, hydroxyl, halo, and alkyi of from 1 to 4 carbon atoms, and 
Z is selected from the group consisting of hydrogen, methyl and when G is not 
oxygen, sulfur or nitrogen and A is not a bond, then Z is also selected from the 
group consisting of OH, SH, -NH^, -NHRj, -C(0)0R2, -C(0)NH2, -C(0)NHR2 
and -C(0)N(R2) 2 wherein each R2 is independently hydrogen or alkyl of from 

1 to 4 carbon atoms. 

25. A composition according to claim 23 wherein X is -O- and Y is 
-A-Z where A is alkylene of 2 to 10 carbon atoms and Z is selected from the 
group consisting of -C(0)0R2, -C(0)NH2 and -C(0)NHR2 where R2 is 
hydrogen or alkyl of from 1 to 4 carbon atoms. 

26. A composition according to claim 22 wherein the antigen is the 
glycoside of formula 1 of Figure 1 and X is -O- and Y is -A-Z where A is 
alkylene of 2 to 10 carbon atoms and Z is selected from the group consisting of 
.C(0)0R2, -C(0)NH2 and -C(0)NHR2 where R2 is hydrogen or alkyl of from 1 
to 4 carbon atoms. 
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27. A composition according to claim 22 wherein the antigen is the 
glycoside of formula 2 of Figure 1 and X is -O- and Y is -A-Z where A is 
alkylene of 2 to 10 carbon atoms and Z is selected from the group consisting of 
-C(0)OR2, -C(0)NH2 and -C(0)NHR2 where Rj is hydrogen or alkyl of from 1 

5 to 4 carbon atoms. 

28. A composition according to claim 22 wherein the antigen is the 
glycoside of formula 4 of Figure 1 and X is -O- and Y is -A-Z where A is 
alkylene of 2 to 10 carbon atoms and Z is selected from the group consisting of 
•C(0)OR2, -C(0)NH2 and -C(0)NHR2 where Rj is hydrogen or alkyl of from 1 

10 to 4 carbon atoms. 

29. An immunoadsorbent composition useful for removing 
xenoantibodies from the blood of a human recipient of a xenograft to attenuate 
the rejection of the xenograft by the recipient comprising a biocompatible solid 
support having at least one identified xenoantigen to preformed antibodies 

15 attached thereto through a compatible liner arm. 

30. The composition of claim 29 wherein the antigen comprises at 
least one of the glycosides of formulas 3, 21, 22, 23, 24, 26, 27, 28, 29, 30, 
31 and 32 of Figure 1 where X is selected from the group consisting of O, S, 
NH, and a bond and Y is an agiycon group. 

20 31. The composition of claim 30 wherein Y represents the group 

consisting of -(A)-Z wherein A represents a bond, an alkylene group of from 2 
to 10 carbons or •(CH2-CRrG)n-, wherein n is an integer equal to 1 to 5 
inclusive; Ri is selected from the group consisting of hydrogen, methyl and 
ethyl; and G is selected from the group consisting of hydrogen, oxygen, sulfur, 

23 nitrogen, phenyl, and phenyl substituted with 1 to 3 substituents selected from 
the group consisting of amine, hydroxyl, halo, and alkyl of from 1 to 4 carbon 
atoms, and Z is selected from the group consisting of hydrogen, methyl and 
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when G is not oxygen, sulfur or nitrogen and A is not a bond, then Z is also 
selected from the group consisting of OH, SH, -NHj, -NHR2, -C(0)0R2, 
-C(0)NH2, -C(0)NH-NHR2, -C(0)NHR2 and -C(0)N(R2)2 wherein each Rj is 
independently hydrogen or alkyl of from 1 to 4 carbon atoms. 

5 32. The composition of claim 30 wherein X is -O- and Y is -A-Z 

where A is alkylene of 2 to 10 carbon atoms and Z is selected from the group 
consisting of -C(0)OR2, -C(0)NH2 and -C(0)NHR2 where Rj is hydrogen or 
alkyl of from 1 to 4 carbon atoms. 

33. The composition of claim 29 wherein the antigen is the glycoside 
10 of formula 1 of Figure 1 and X is -O- and Y is -A-Z where A is alkylene of 2 

to 10 carbon atoms and Z is selected from the group consisting of -C(0)OR2, 
-C(0)NH2 and -C(0)NHR2 where Rj is hydrogen or alkyl of from 1 to 4 carbon 
atoms. 

34. The composition of claim 29 wherein the antigen is the glycoside 
15 of formula 2 of Figure 1 and X is -0- and Y is -A-Z where A is alkylene of 2 

to 10 carbon atoms and Z is selected from the group consisting of -C(0)0R2, 
-C(0)NH2 and -C(0)NHR2 where R2 is hydrogen or alkyl of from 1 to 4 carbon 
atoms. 

35. The composition of claim 29 wherein the antigen is the glycoside 
20 of formula 4 of Figure 1 and X is -0- and Y is -A-Z where A is alkylene of 2 

to 10 carbon atoms and Z is selected from the group consisting of -C(0)0R2, 
-C(0)NH2 and -C(0)NHR2 where Rj is hydrogen or alkyl of from 1 to 4 carbon 
atoms. 

36. Human blood or plasma useful for infusing into a human 

25 recipient of a xenograft to attenuate rejection of said xenograft, the blood or 

plasma being depleted of preformed antibodies to at least one identified antigen. 
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37. The composition of claim 36 wherein the antigen comprises at 
least one of the glycosides of formulas 3, 21, 22, 23, 24, 26, 27, 28, 29, 30, 
31 and 32 of Figure 1 where X is selected from the group consisting of O, S, 
NH, and a bond and Y is an aglycon group. 

38. The composition of claim 37 wherein Y is selected from the 
group consisting of -A-Z wherein A represents a bond, an alkylene group of 
from 2 to 10 carbons, and -(CH2-CRi-G)„, wherein n is an integer equal to 1 to 
5 inclusive; Rj is selected from the group consisting of hydrogen, methyl and 
ethyl; and G is selected from the group consisting of hydrogen, oxygen, sulfur, 
nitrogen; phenyl, and phenyl substituted with 1 to 3 substituents selected from 
the group consisting of amine, hydroxyl, halo, and alkyl of from 1 to 4 carbon 
atoms, and Z is selected from the group consisting of hydrogen, methyl and 
when G is not oxygen, sulfur or nitrogen and A is not a bond, then Z is also 
selected from the group consisting of OH, SH, -NHj, -NHRj, -C(0)0R2, 
-C(0)NH2, -C(0)NHR2 and -C(0)N(R2)2 wherein each Rj is independenUy 
hydrogen or alkyl of from 1 to 4 carbon atoms. 

39. The composition of claim 37 wherein X is -O- and Y is -A-Z 
where A is alkylene of 2 to 10 carbon atoms and Z is selected from the group 
consisting of -C(0)0R2, -C(0)NH2 and "C(0)NHR2 where Rj is hydrogen or 
alkyl of from 1 to 4 carbon atoms. 

40. The composition of claim 36 wherein the antigen is the glycoside 
of formula 1 of Figure 1 and X is -O- and Y is -A-Z where A is alkylene of 2 
to 10 carbon atoms and Z is selected from the group consisting of -C(0)0R2, 
-C(0)NH2 and -C(0)NHR2 where Rj is hydrogen or alkyl of from 1 to 4 carbon 
atoms. 

41. The composition of claim 36 wherein the antigen is the glycoside 
of formula 2 of Figure 1 and X is -O- and Y is -A-Z where A is alkylene of 2 
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to 10 carbon atoms and Z is selected from the group consisting of *C(0)OR2» 
-C(0)NH2 and -C(0)NHR2 where is hydrogen or alkyl of from 1 to 4 carbon 
atoms. 



42. The composition of claim 36 wherein the antigen is the glycoside 
5 of formula 4 of Figure 1 and X is -O and Y is -A-Z where A is alkylene of 2 

to 10 carbon atoms and Z is selected from the group consisting of -C(0)OR2> 
*C(0)NH2 and -C(0)NHR2 where is hydrogen or alkyl of from 1 to 4 carbon 
atoms. 

43. A method for attenuating antibody-mediated hyp^cute xenograft 
10 rejection in a human recipient of a xenograft comprising: 

(a) identifying at least one carbohydrate antigen to preformed 
antibodies; 

(b) attaching said identified antigen(s) to a biocompatible solid 
support through a compatible linker arm; 

15 (c) withdrawing antibody-containing body fluid from the recipient; 

(d) removing preformed antibodies to at least one carbohydrate 
antigen of said xenograft that is involved in the rejection from the withdrawn 
body fluid by extracorporeal perfiision of the body fluid over the biocompatible 
solid support of step (b); and 

20 (e) reintroducing the perfused body fluid into the recipient. 



44. A method for attenuating antibody-mediated xenograft rejection 
in a human recipient of a xenograft comprising the method according to claim 1 
in combination with the method according to claim 12. 
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Figure 1 A 
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Raure 1 B 
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Figure 1 C 
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Figure 1 D 
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Figure 1 F 




BGIcNAc-X-Y 

N-acetyl -|3-D-glucosamide 
BGIcNAc(1 ->4)BGIcNAc-X-Y 



aGlc(1->2)BGal-X-Y 



PGIc(1-^2)0Gal-X-Y 



BGIc(1-^2)aMan-X-Y 



aMan(1 -»6)aMan-X-Y 



X-Y 



30 



wo 93/03735 



PCr/US92/07071 



7/19 



Figure 1 G 
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Figure 2: 
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Figure 3: 
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Figure 4A 
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Figure 6: 
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Figure 7: 
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HUMAN PLASMA INCUBATED WITH HAPTENS 
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Figure 10: 
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